TITLE OF THE INVENTION 
SPEAKER 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a speaker, and more 
particularly, to a speaker of a motional -feedback type, which 
detects vibrations of a vibration system and feeds back a 
detection signal to a drive system. 

Description of the Related Art 

Reproduction capability of a low-pitched frequency sound 
of a typical speaker greatly depends on the lowest resonance 
frequency specific to the speaker. For instance, as an area 
of a diaphragm increases, the lowest resonance frequency 
decreases by contrary, thus leading to improvement in the 
reproduction capability of a low-pitched frequency sound. 
However, an increase of its diaphragm size results in not only 
an increase in the overall dimension of the speaker but also 
a gain of weight of the diaphragm, which lowers efficiency of 
the speaker. In order to solve such problems, a speaker has 
been developed, in which the so-called motional feedback (MFB) 
is adopted for detecting amplitude of a diaphragm and feeding 
back a detection signal to an input signal . 

The speaker adopted the MFB, in which a tabular 
piezoelectric element is provided on the top of a voice coil 
bobbin through a supporting member. In this case, the voice 
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coil bobbin is driven by a signal input to a voice coil, the 
diaphragm vibrates by the aid of vibrations of the bobbin, 
thereby producing a sound. Simultaneously, the tabular 
piezoelectric element also vibrates through the supporting 
member, and an output detected being obtained depending on how 
much the diaphragm vibrates. Alternatively, a top plate is 
fitted on the top of the voice coil bobbin, a supporter is stood 
up on the center of the top plate, and the center of the tabular 
piezoelectric element is adhered on the top of the supporter. 
In addition, this tabular piezoelectric element is supported 
only by the supporter serving as a supporting member. 

As an example, see Japanese Patent Publication Laid-Open 
No. 57-119596 (Page 2, Col Upper Left, Lines 5-11, Col Upper 
Right, line 17 to Col Lower left, line 1. FIG. 2 and FIG. 5) . 

The conventional speaker adopted the motional feedback has , 
on one hand that, the advantage that reproduction capability 
of a low-pitched frequency sound can be improved by electrically 
compensating the lowest resonance frequency without inviting 
an increase in its diaphragm size . The speaker has , on the other 
hand, the disadvantage that efficiency of the speaker lowers 
because weights of the top plate, supporting member (supporter) , 
and tabular piezoelectric element are collectively applied to 
the diaphragm, which gains the weight of the vibration system. 
Moreover, the speaker also has the disadvantage that it shows 
poor workability on production as the tabular piezoelectric 
element is installed on the diaphragm through the top plate and 
the supporting member (supporter) . In addition, the speaker 
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also has the disadvantage that it presents low maintainability 
since the tabular piezoelectric element has been integrally 
combined with the diaphragm, resulting in the shortcoming that 
the diaphragm is under the pressure of necessity to have to 
replace the diaphragm as well with new one, when the tabular 
piezoelectric element gets out of order. 

SUMMARY OF THE INVENTION 
The present invention has been made to solve the 
above-mentioned problems. An object of the present invention 
is to provide a speaker adopted the motional feedback that is 
able to lose weight of a vibration system, as well as improves 
workability on production and maintainability. 

The speaker according to the present invention includes 
a pole piece having a pole engaged with a bobbin behind a 
diaphragm; a through hole passing through the pole in an axial 
direction thereof; and a thin film piezoelectric element 
provided over an external opening of a through hole such that 
the element detects vibrations of the diaphragm by a change in 
pressure within the through hole. 

As mentioned above, according to the present invention, 
provision of the pole piece having the through hole passing 
therethrough in an axial direction thereof as well as adhesion 
of a thin film piezoelectric element on the external opening 
of the through hole loses the weight of the vibration system 
of the speaker, thus improving efficiency of the speaker. 
Moreover, there being provided the thin film piezoelectric 
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element outside the pole piece, workability con production an 
be improved. Furthermore, there having been no thin film 
piezoelectric element within the diaphragm, it eliminates the 
need for replacement of the diaphragm when the thin film 
piezoelectric element gets out of order, which improve 
maintainability thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a block diagram of the speaker according to a 
first embodiment of the present invention; 

FIG. 2 is a sectional view of the speaker main unit in the 
speaker according to the first embodiment; 

FIG. 3 is a partially enlarged bottom view of the pole piece, 
on which the thin film piezoelectric element is provided, of 
the speaker according to the first embodiment; 

FIG. 4 is an explanatory diagram of the operation of the 
thin film piezoelectric element of the speaker according to the 
first embodiment; 

FIG. 5 is an explanatory diagram of the operation of the 
thin film piezoelectric element of the speaker according to the 
first embodiment; 

FIG. 6 is a plan view of the thin film piezoelectric element 
of the speaker having a plurality of holes thereon according 
to a second embodiment of the present invention; 

FIG. 7 is a diagram of explaining how sensitivity of the 
thin film piezoelectric element changes with respect to 
directions of the element of the speaker according to a third 
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embodiment of the present invention; 

FIG. 8 is an explanatory view of a state where two thin 
film piezoelectric elements of the speaker according to a third 
embodiment of the present invention are not yet adhered 
together ; and 

FIG. 9 is a block diagram of the speaker according to a 
fourth embodiment. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

First Embodiment 
FIG. 1 is a block diagram of the speaker according to the 
first embodiment of the present invention. 

In FIG. 1, a mixer 3 is connected to a speaker main unit 
1 through a first amplifier 2, and a driving signal is input 
to this mixer 3. Furthermore, in the speaker main unit 1 is 
provided with a thin-film piezoelectric element 4 of a thin type 
or in the form of thin film. A detection signal output from 
the thin film piezoelectric element 4 is input to a controller 
6 through a second amplifier 5, and a control signal output from 
the controller 6 is input to the mixer 3. 

FIG. 2 is a sectional view of the speaker main unit 1. 
In FIG. 2, a diaphragm 12 is disposed within a frame 11 
of the speaker main unit 1, and the top end of the diaphragm 
12 is connected with the top end of the frame 11 through an edge 
13. A bobbin 14 is perpendicularly provided on the back of the 
diaphragm 12, and a spider 15 is interposed between the frame 
11 and the bobbin 14. A vibration system consists of the 
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diaphragm 12, the edge 13, and the bobbin 14. 

A voice coil 16 is wound around a peripheral surface of 
the bobbin 14 , and the voice coil 16 is connected with the first 
amplifier 2. Mounted in order beneath the frame 11 are a plate 
17 and a magnet 18, and the plate 17 and the magnet 18 are 
supported by a pole piece 19. A magnetic circuit consists of 
the plates 17, the magnets 18, and the pole piece 19. A drive 
system consists of the magnetic circuit, the voice coil 16, and 
the first amplifier. 

The pole piece 19 has a pole 19a engaged with the bobbin 
14 and a flange 19b horizontally extending from the base of the 
pole 19a and supporting the magnet 18. Furthermore, the pole 
19a has a through hole 19c passing therethrough in an axial 
direction thereof. Moreover, the through hole 19c has a taper 
19d which widens an external opening of the through hole with 
it goes outward. Therefore, the external opening 19e of the 
through hole 19c has an internal diameter larger than that of 
the through hole. 

The thin film piezoelectric element 4 is formed of 
piezoelectric ceramic such as PZT (plumbum zirconate titanate) , 
and has a rectangular geometry. The thin film piezoelectric 
element 4 is provided over the external opening 19e of the pole 
piece 19. That is, FIG. 3 is a partially enlarged bottom view 
of the pole piece 19 to which the thin film piezoelectric element 
4 is adhered. The thin film piezoelectric element 4 is provided 
such that the element covers the external opening 19e of the 
pole piece 19, and one end 4a of the thin film piezoelectric 
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element 4 is adhered to the bottom surface of the flange 19b 
of the pole piece 19. 

In the speaker having such a configuration, a driving 
signal is input to the first amplifier 2 through the mixer 3, 
amplified therein, and input to the voice coil 16. Thereby, 
the bobbin 14 integrally combined with the voice coil 16 
vibrates and, at the same time the diaphragm 12 integrally 
combined with the bobbin 14 vibrates. When the diaphragm 12 
vibrates, the pole 19a of the pole piece 19 performs, viewing 
relatively, a reciprocating motion within the bobbin 14, and 
thereby back pressure of the diaphragm 12 comes in and out of 
the external opening 19e of the pole piece 19. In other words, 
air containing acoustic signal components comes in and out of 
the external opening 19e. 

When air flows in a direction of an arrow as shown in FIG. 
4 and FIG. 5, the thin film piezoelectric element 4 is deformed. 
Thereby, a potential difference is occurred in the thin film 
piezoelectric element 4, and the thin film piezoelectric 
element 4 captures an acoustic signal as an electric signal and 
outputs a detection signal . This detection signal is amplified 
by the second amplifier 5, and then input to the controller 6. 
The controller 6 feeds back the signal as a control signal to 
the mixer 3 for compensation of the driving signal with 
advantageously reproduced the low-pitched frequency sound. 

In the first embodiment, the provision of the thin film 
piezoelectric element 4 not in the diaphragm 12 but in the pole 
piece 19 loses the weight of the vibration system, and improves 



7 



the intrinsic efficiency of the diaphragm 12. Moreover, the 
provision of the thin film piezoelectric element 4 on the 
outside of the pole piece 19 by adhering one end 4a of the element 
thereto with such adhering members as adhesive and screws 
dispenses with the conventional top plate or supporting member 
(supporter) . This contributes to improvement in the 
workability on production. In addition, the thin film 
piezoelectric element 4 has been permitted to replace with new 
one when the element suffers from damage, this eliminates 
inconvenience attendant with the conventional replacement work 
that the diaphragm 12 should be replaced as well, thereby 
improving the maintainability of the speaker. 

Moreover, the detection of the vibrations of the diaphragm 
12 by the thin film piezoelectric element 4 generates a 
detection signal having excellent frequency properties and 
linearity. Furthermore, since the internal diameter of the 
external opening 19e of the pole piece 19 is larger than that 
of the internal opening 19f , it is possible to cause air to act 
on the thin film piezoelectric element 4 over the larger area. 
This generates the excellent detection signal. 

Second Embodiment 
In the first embodiment, since the thin film piezoelectric 
element 4 is provided such that the element covers the external 
opening 19e of the pole piece 19, there may be a case where it 
could be difficult to allow the back pressure of the diaphragm 
12 to escape from the external opening 19e. To avoid such 
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difficulty, in the second embodiment, the thin film 
piezoelectric element 21 having two or more holes 21a passing 
therethrough is provided, as shown in FIG. 6, instead of the 
thin film piezoelectric element 4 in the first embodiment in 
order to make easy for the back pressure of the diaphragm 12 
to escape from the external opening 19e. At this time, the 
shapes, areas, and locations , etc. of the holes 21a are adjusted 
for tuning sensitivity of the thin film piezoelectric element 
21. 

The second embodiment allows detection of the acoustic 
signal while having escaping the back pressure of the diaphragm 
12 from those holes 21a formed therein by the virtue of the thin 
film piezoelectric element 21 having one or more holes 21a. 
Moreover, the adjustment of the shapes, areas, and locations, 
etc. of the holes 21 for tuning sensitivity of the thin film 
piezoelectric element 21 enables tuning of the sound quality, 
thereby achieving a speaker having excellent performance. 

Third Embodiment 
As shown in FIG. 7, a common thin film piezoelectric 
element 22 has directionality attributable to its crystal 
orientation. For this reason, the thin film piezoelectric 
element 22 of this kind detects a signal having a different level 
depending on which of directions the element expands or 
contracts, so that the element is undesirable as an element that 
detects a flow of air going in and out of the external opening 
19e of the pole piece 19. In the third embodiment, in order 
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to solve such a problem, one thin film piezoelectric element 
24 having high sensitivity in a transverse direction is stacked, 
as shown in FIG- 8, over the other thin film piezoelectric 
element 23 having high sensitivity in a longitudinal direction 
to alleviate a difference in sensitivity caused by their 
directions. Accordingly, the third embodiment offers a 
desirable detection signal by the grace of the two stacked thin 
films piezoelectric elements 23 and 24 . 

Fourth Embodiment 
In the first embodiment, although piezoelectric ceramic 
such as PZT (plumbum zirconate titanate) has been used as the 
thin film piezoelectric element 4, addition of the second 
amplifier 5 for amplifying an detection signal is essential 
because of a low-level sensitivity of the detection signal of 
PZT. Instead, in the fourth embodiment, PVDF (polyvinylidene 
fluoride) of the high level of a detection signal, called under 
an alias of a piezoelectric polymer, is used, as shown in FIG. 
9, as a thin film piezoelectric element 25, which eliminates 
the second amplifier 5 indispensable in the first embodiment. 
Accordingly, the fourth embodiment offers an entirely 
simplified configuration. 

While descriptions are made in the above embodiments as 
to the configuration where the speaker adopted the motional 
feedback consists of the speaker main unit 1, the first 
amplifier 2, the mixer 3, the second amplifier 5, the thin film 
piezoelectric element 4, and the controller 6, the present 
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invention is not necessarily limited to this configuration. 
Moreover, needless to say, the thin film piezoelectric element 
may have such a geometry as square or circular, though the thin 
film piezoelectric elements 4, 21, 23, 24, and 25 each has a 
rectangular one in the above embodiments . 
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